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Ventilation  Control 


How  is  ventilation  provided  in  most 
buildings  today? 


The  same  way  it  was  in  1930. 
With  Fixed  Ventilation! 


Ventilation  Control 


Fixed  Ventilation 

Building  codes  require  ventilation  rates  based  on 
cfm/person:  (typically  20  cfm/person) 

Actual  Occupancy:  1  person  =  500cfm 


Inefficient! 
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Ventilation  Control 


Fixed  Ventilation  In  a  Multi-Zone  VAV  Building 
Total  cfm  =  Max  occupants  X  20  cfm 


There  Is  No  Control! 


Ventilation  Control 


Is  There  A  Better  Way? 
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Ventilation  Control 


Temperature  Control  In  A  Multi-Zone  VAV  Building 


•  Measure  In  Each  Zone 

•  Control  Based  On  Actual  Load 

What  If  we  did  (fte  same  thing  with  ventilation? 


Zone  Ventilation  Control 


Great  idea! 

But  How  Does  It  Work? 

Delivers 

The  RIGHT  Amount  of  Fresh  Air, 
To  The  RIGHT  Place, 

At  The  RIGHT  Time... 
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Zone  Ventilation  Control 


Controlling  Ventilation 


There  is  a  clearly  defined  relationship  betwee 
CO2  levels  &  ventilation  rates  established  by: 

ASHRAE  62.1  &  90.1 

ASTM  C02&Ventilation  Stand; 

Indoor  CO2  levels  are  a  measure  of  ventilatio 
rates  (cfm/person) 

CO2  levels  are  not  a  measure  of  overall  lAQ. 


CO2  is  the  control  parameter  for  ventilation! 


Zone  Ventilation  Control 


Ventilation  based  on  actual  occupancy! 
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Zone  Ventilation  Control 


With  Zone  Ventilation  Control  In  a  VAV  Building 


Ventilation  Control 


Total  Building  Heating  and  Cooling  Costs 
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Ventilation  Control 


A 


VENTILATION  COMPARISON 
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Zone  Ventilation  Control 


Numerous  Studies  Confirm  That 

Correct  Ventiiation ... 

■  Increases  Productivity 

■  Improves  Occupant/Customer  Satisfaction 

■  Helps  Prevent  Sick  Building  Syndrome  Health  Affects 


DOE/Lawrence  Berkeley  Labs 
Indoor  Environment  In  Schools 
Pupils  Health  &  Perfoimance  In  Regard  To  CO2  Concentrations 

A  significant  correiation  was  found  between  decreased 
performance  and  high  CO2  ieveis  (iower  ventiiation  rates). 
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Zone  Ventilation  Control 


Does  controlling  ventilation  based  on  occupancy  meet  codes? 

Accepted  by:  AS^RAE  Standard  62 

International  Mechanical  Code: 

"Current  technology  (CO2  sensors)  can  pem/f  the  design  of 
ventilation  systems  that  are  capable  of  detecting  the  occupant  load 
of  the  space  and  automatically  adjusting  the  ventilation  rate 

accordingly.” 


Model,  State  &  Local  Codes 

Can  Be  Measured  &  Documented! 
Compliance  Assured... 


Zone  Ventilation  Control 


Examples  Of  Potential  Energy  Savings/ROI 
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Zone  Ventilation  Control 


Is  Using  C02  To  Measure  Ventilation 
A  New  idea? 

“CO2  tests  should  be  used 
. .  .for  checking  the  renewal 
of  air  and  its  distribution 
within  the  room. 

...the  CO2  should  NOT 
exceed  8  or  10  parts  in 
10,000" 


1916  Engineers  Handbook 


■ 


Zone  Ventilation  Control 


Why  Apply  It  Now? 

•  CO2  sensors  have  become 
cost  effective  and  reliable. 


Building  control  systems  can 
now  integrate  zone 
ventilation  control. 
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Zone  Ventilation  Control 


Payback  Analysis 


Software  Analysis 
Tools  Can  Detemiine 
Potential  Energy 
Savings  and 
demonstrate 
payback 


Zone  Ventilation  Control 


Let’s  review  the  benefits. 
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Zone  Ventilation  Control 


Ensure  for  every  zone... 

■  Comfort 

■  Health  &  Safety 

■  Compliance 

■  And... 


Zone  Ventilation  Control 


A  Better  Operating  Buiiding 

■  Ventilate  to  Actual  vs.  Assumed  Occupancy 

■  Eliminate  Wasteful  Over-Ventilation 

■  Very  Attractive  ROI/Lower  Operating  Costs 
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Conserve  Energy  and  Improve  Indoor  Air  Quality  through  Use  of  Hybrid 
HVAC  Systems. 


Presenter:  Mr.  Leon  Shapiro.  ADA  Systems 


SKslBrnSL  _ _ 


Impro  vem  enl|Throii^ 
Advanced  technologies.  Smart 
©fpaikialioh  ahdi^iiMticiiig 

October  7-8,  20'0‘3 
Chicago,  IL  ^ 

^‘tbbiiRShapIro' 


card.!'  Stream,-^ffi| 
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JlIfnM?; _  _  _ 


iSiJtere  ,;a|e;  ext'em"af®rc^  a|ieGtiligthe;mel|@^aM 
mariner  0ri«#MgMmstiMibns  ^ri4, businesses 
provide  venriiaitiGn/^eating  andtcoolihg  for#e?p 
taclillfesi 

•  i^^HR'4E;Staiidar4  62;r-,2p0 1 
^SHME/^t^daii90 99,9 
M  Eederai|^er^IPp^y  Act  d;fi;1992 

Gloibal,  jSlimate  Change  ,Trea1^» 

Cmxen^Events 


PlientiHg  _  _ 


|S@;If.you;,could,  would  youpro\dde  your  clients/.GUstomers 

MdtbaiaIIdi¥AC^  system&atk 

•,  Supplies  fresh  outdoof  air  itistead  ofist^e 
reGirculated 

tlaes  si^piSdaiilly  Jess  leh'ergy  to  fopfePaie jhaii  cuitoiih 
recirculation  systems 

^  Can  be' installed  on  a  -first  cost  basis  equal  to  or  less  than  a, 
;Si^dard|iheGKauical  system 

•  ■  lSanl)e,i!gtrpj|tte.d  to:|®efr:e^slmg  systems  .cases)i 

E,  P  iisei^j^^diy.lfobW^frtbfrahce-persofmei^tovobei'ate^ah'd 
maintain 

)ifflrT?so  ffeE  s  .see'iiriwba 
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Based  on  using 'miiiimUin  outside  sup^^J^-  air,  and' 
recitcnldting  a  nfajori'^  of  the  b|ti|Hing  f,fetum 
(ie?diaust);iaiif 


•  Recirculation,  causes 'inf emaHy  aenerated  contaminants  to 


Hie  :;sy  stem; 

Ventilation  an  is  not  managed  properly 
‘^e  .prd.e;ess  ds '  ppip .  Iddttx^n 
i  ^^e  scheme  is  predicated  pn.usm'g=^vhgin  energy  to 
■achieve  psydhtb’m^lhcstate'pVinfchahges^.^ 

^e  process  is.pre.dicate.d  phasing  :energy^tensiye 
'  pf  b'eesses 
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IffiTiTi 


II 


siKaiBiEeswHiiii 


.Heating  and  cooling  processes  permits  elnnift^tipn  of 


er^  Recovery  fijRec^^ei&g’liea^gicoolSig'energy 


ffijertnodynBCtnic  cost 

■  pi^aporati  ve  G  dd]!|wgC^f^^^idi|ipatipn 

processes  are\the  o'fily<  processes  wiiicH;can.close«^e^op 
pnfMpnf  ehergj'^/'l^ey -pemitiMe  ayoid^ce  o^^pst 
isps^Ht^aatdniniiHifedf^tPde 
salHen^dronments 


WMf  lloesmerMealfo  HVAOF 


is  nol 


Installing 


"  efficiency  boiler  or?;  alternative  refi^igeranti 

I  gijK-5 

:  ;i?“Green”  is  avdfiling  the  need  ,foi?  that  boiler 
I  or l^&l^r  (or  at (leasf  si%;lijffcantly  dp^lfsizfflg 


h%h  efficiency  system  withlow  efficiency 
equipment  beats  afow  efficfe’ricy  system  with 
high  eifficjency  p;q$iiplient 
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Jiiilfflf  SIM^S  lol 


Displaceiifeiit  V Penttits  l;OO^^i  oiijtside 

aii.systeins  to;  replace  much.- larger  systems  and  greatly 


Therinal  Storage ed^ropetly  employed,  thermal  storage; 


rsaiLs, 


and  cooling, energy  nse 

Process  Synergism  -  Synergism  can  be  created  betiyeen 
two  processes  to  achieve  more  ont:  ofifliem  than;  either  ■ 
pro  c  ess  -  c  otdd  -pr  oyide  ;^0ne 


ifhrrrrhft 


tttv  urTt 


II 


I  i^lj^ultiJ^FdjiWdh'al  Process  -Use  -4[ndi^dn;dpieces  d|? 

fnmnpmeiid;  can  be  naed;  to  serve  miffipie  design,  objectives  j 
Tfflsn,ediice;s  s^e  parasitic ITosses  systems  see  tbrni! 
leguipmeii^olpitnse  bHU^hidh  regime  energy  td 
overepme 

Amplificafion  -  Multiple  heat  exchangers  can  be  used  to 


|^roAVo|5ia^ce-H|Use  ojtecpyerable'  or'‘-;&eC'”^^ferm_^; 
resources  Ifefore  expendmg^Cw’eitergy  resdtirces ' 
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^;®^aporative  coolii|g.'teehiiofqg-ies  fdrm'  the 
b^kbone  dk  energy,  efficient  hybrid  HVAC 
systems 

2^'Thefe  are  2  fdrms  df  'eyapdfatiVe  cddl^g- 
I)ire!ct 

“  TSra^s  awetted  mediae 

#  tiiMirfecii 

a  heat  exchanger  to'  separate  the,  supply  the 

ater  ^se  djfor  eynpOr^ton 

a  secondary  dir  stream  to  reject  iieat^from  the  evaporation 
process 
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S 

s 


‘Effectiveness”  is  defined  by  the 
ollowing  equation: 


^Discharge  Temperature”  can  be 
determined  by  the  following 
equation: 

TO^  =  TT^-[Ex(TT^-TTS^)] 

Factors  afifectine  effectiveness  are: 


I*  Typ  e  0  f  He  at  Exc  h  anger 

•  Supply  Air  Elow  Through  Exchanger 

•  Secondary  Air  Flow 

•Use  of  Outside  Air  vs.  Building  Exhaust  as 
the  Secondary  Air  Source 


20  50  $0  70  00  90  100  110  120 

DRY  BULB  TEMPERATURE.  (DEQBlEES  F) 


MOISTUPIE  RATIO,  LBS  MOISTURE^LB  DftV  AIR 
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Evaporative  Cooling: 

Performance  Chart  (Low  Wet  Bulb  Areal 


SJAliHAMLWlU.iiALliUUWlA 
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DBAVB 


Performance  of  Evaporative  Cooling  and  Heat  Recovery  Technologies 
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Hie  abavie  discherge  ten^^eiaimfis  (“F)  are  based  on  the  foUowiiig: 


1.  75%  Indhect  E-ra.porati-1^  EfSectiveiiess 

2.  90%  Direct  Evaporative  Effectiveness 

3.  50%  Heat  Eecoreiy  Effective  lies  s 

4.  75“F  Bmlditig  Ej:haust  DiyBiilb  Tenpeiatiiie  (Heat  Eecoveiy) 

5.  6B“F  Bmlditig  Exhaust  Wet  Bulb  Tempeiatiire  (Coolitig) 

6.  DB  =  Dry  Bulb  Temperatoie 

7.  WB  =  Wet  But  Tempeiatiie 
S.  OSA  =  Outside  Air 
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I  ’  < 

1 1  Evaporative  Cooling: 

^  Performance  Chart  (Low  Wet  Bulb  Areal 

1| 


RENO,  NEVADA 
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*Reno5  NV 

Outside  air 
93/60 

*B:  Direct 
63/60 

*C:  Indirect  (OSA) 
68/50 

^D:  Indirect/Direct 
52/50 

*E:  Indirect  (building 
exhaust) 

71/51 


Evaporative  Cooling: 

Performance  Chart  (High  Wet  Bulh  Areal 
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*ChicagOj  IL 

+A:  Outside  air 
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*B:  Direct 
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*C:  Indirect  (OSA) 
78/70 

^D:  Indirect/Direct 
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*E:  Indirect  (building 
exhaust) 
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imoiMiM 


;  impuiioM 


Chicago  Weather 
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W5^U  LHREC“r  vs  IND1RECT/I>TRECT 
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 IndllMlJDi  ITfl  ^yft|c:m. 


^  Kypvtholjc-nl  B-Uildinfl-:  flOCt"  300’  jl  23'  fHild  tiudd  Ijipj  wUh  Tticderare  inuemitt  hf 

*’  ^nlihlpntf  ZjU-to  20  Biu/SqHt  <Biuu)iic  JO  for  thui  c-jcampli? 9 

j^oei''  -M  Jtwr  X  30  Unk/Nql-^  p*  ItXl.OflO  blu/lir 

*  li^iej’iui.L  CTcHiliii^  IjCwdL  D  to  34>  Btu/SqFF  <BcnuiiHii  tO  Tctt  Ehi« 

300"  31  HiO-  K  lO  -  I  hXJ.OOO  r 

'■  TcHjiI  C«3linB  LcMjd:  SOQ.tWO  +  li!W.OUU  .  40<5,€X» 

'  ^lui^r  -  OTm  h  I.(^  x  AT 

Ddrrcl  cyaptMTUri™  ptmav  IdcK  H'^F  d.|n"ei«!dbiial  (dj^harite  tt>  p-pnc-el 

-  Rvquhccd  Cfm  ■lOa.OOCl  f  I.OK  /  K^F  *  4(^94  Cfkn 

‘  Imljn^BE/riin^ec  nVA|Kira[lvie  [ffovidc^  1 4~F  di  (VDirrnlifll  Edi3>i^''hmrBic  1*^ 

*  CFdi  t  IndJfwtrtiirect  si^itfirv):  4130.000  f  1 ,0ft  f  1 >  a*.4P^fl  ITfta 

'  itf  j^lr^iincailan  and  MpoL  i^oallna  HlmEcjitlca.  wlU  rnEwn  the.  mlktiil  enAlLnn 

ilJhprHiKtblUllitiy  III  liaLf 

*  ltc»ij.uiii±iJ,  Crrm  (UIewci  ipyMemI:  44.295  /  2  ™  35.1  *»  c:itaa 

*  H.e-t^'uii'ii>ii  CfiiL  L  IfnJinecl/mre^'l  p-y>lgm>:  14.4  f  a  ■  I3.1J7  fcTm 
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r'^fTil^ere.have  .beeiii'tio  cases  of  Legionnaire;  s 
Disease  associated  With  evapo^We  coolers  (see 

■^!' jBfere  are.  si'grdficant:  differenc  es  betwe  en 
evaporative  coolers  and  cooling' tbivers 

systehiiwas 

designed  for  active  microbial  control 

-*4^0zone  (O3)  is  an  extremely  powerful  oxidizer 
;Highiy  soluble  jn  Water 
Very  short  LafPiilp.- 
Ibw  levels 


:.?a 
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NfiSfi  Report  CR-1 205-1  (Heat  Stress) 


Effective  Temperature 

75 

80 

85 

90 

95 

100 

105 

Loss  in  Work  Output 

3% 

8% 

18% 

29% 

45% 

62% 

79% 

Loss  in  Accuracy 

-  1 

5% 

40% 

300% 

700“/i 

1 
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Strategies  to  ^increase 
the  effeGtiyeness  of 
ey. aporHtiye  coolihg^l 

•  Displacemejrtt 
y^nfflatfon- 

f-  StiatificaSaii 
Spb^CodJMlg;'; 

•  Adjustable  piffiisefg 


CLIENT:  Indianapolis  Wood  Veneer  Manufacturer 
PROBLEM:  Ovens  Produce  Over  lOOT  Conditions 
GOAL:  Low  Cost  Relief  Cooline 


SOLUTION: 


Indirect/  Direct  Cooling  System 
Stratification  Strategy 
Spot  Cooling 


TiiS:  * 
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idpHwictl>ase  siddy 


Field  Temperature  Recording 
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air 

•  Staiid^d  rooftop 
mechanic^  units 

preeool^s 

0  BX  tonnage  n&dueed 

hy  .  m  ■ 

^Heat  .recoyeiy  in 
winter  op  eratipn; 


of  a.  tteW  ,.Gjl|iI'e'd  Abater-  system, 
.H^msedjtd  r^dipfper’f)te;pdtside^^^ 
eMslmgsysteiE.: 

^i^\^enmsedtf©genei::^''^eat)  'recoveny  an- wmtpp 


tmm 


outsMe^S&r^ 

feat  reeofery  inayjfe.  etf^n:  ;^eateKth^5  tfese-froin 
eyapOTalafe.tcqicIlirtg 
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Evaporatiue  Cooling: 

Indirect  With  Chiller  a  Heat  Recovery 

"IdEC  COOUNG  performance  (24-7  operating  houre) 

ZVSTZHZ  -  ^55  r^oiLb  Sl-Fd.  Vfund  Dak.  1L  ^Pb  ;  li  -I  S  I  d  ] 


I' 

i.' 

b' 


LO'ZAT^Ot^ 

TTHT?  SSIASOEAL  AVSlSAd-Bl 
SU-PPLY  AIR  TEMP 

TOT  AL  HOURS  ORERATK}t* 

IDEC  SHE 

IDEC  PRIM^^EV  DDd  SECOhfD^  RY  CFM 
IDEC  Ef^ERO-Y  DR^^W  -  Ot^ 

IDEC  EhfERO-Y  DR^^W  [wau^bij  -  OFF 
IDEC  EOCJ'lPMEi^r  COST 
IDEC  EOU'IFi^^i^r  COST  fp-=  ud  uDiDiLolkd) 
CFTT-LED  W^TER  COSTS  ldd  uaiDiLdkd) 

Pi  mum  foi  1DEC  dtci  cbilloJ  wma 
IDEC  TOhfS 
IDEC  EIKIcicdct 
K  I  C  DIL 

'Wdijci  Cdil  I  ^nll 

IDEC  YEi^RLY  OPERi4  Tli^O  COST  -  TOT^L  [IdrJ) 
EOUIV^^LEKT  MECff^^fVlC^^L  YE^4RLY  COST 
YEAEL  Y  SAVIEfi-S  utinflDKC 


M  T.W  UK  E  E 
47.-2S 
55  F 

75  F  *■  SdM  RH 
i\sa 
4sa 
saa.aaa 

7Q.11QQ 
;  idd 
S  7lS5 
S  d75 
iAAd.ddH 
l,SQ7 
Sd^ 
$  Q  Qd 
;  idd 
J  ilS.Z4B 
ilU.4t4 
t  f^lOO 


Each 

d5d  Tl  m  udul  c 
d5Ll  Tl  m  udul  c 
pci  C  FM 

pci  LUD  cuuli  u^ 
pci  LDD  CDdIi 
Job  T ami 


PRIM^^RY 

SECOf^D^^RY 

FPW^^RY 

IDEC 

IDEC 

IDEC 

HEE 

HRS 

Ef^ERrJYEf^ERrlY 

EER 

ZY^ZROY 

COST 

<yAzz 

COST 

OPER- 

All 

1  EaLQID^ 

A 

11  CDI 

.aiD5 

A 

1  1  IcDTID  ^ 

am  ' 

OUL 

lap  UL 

Ecu 

T  ami 

Duip  UL 

am-!^  dT  Cddlii- 

ll  pUL 

EnapT 

W  DLCI 

W  DLCI 

ATlt^O 

DS 

wa 

H 

Da 

wa 

H 

Da 

wa 

H 

Lb 

a  mi'bi 

W  DUlf 

l*r 

Ycni  It 

fni  oiEb 

T  dldI 

buLIDD 

Tdi  EoEb 

lap  UL 

C u- 

C U- 

Cdil 

Qlu^  h 

aui4b 

Siu  lib 

Dl  Dp 

Dl  □□ 

Hi 

Won: 

ai!^ 

am 

Ou  l^U  L 

i-am 

i-am 

IDEC 

m  pLIDD 

mpLIDD 

TOT^4L 

77 

7d 

S7  S3 

75 

ds 

73  47 

d7  3 

d3  0 

S7  41 

7  0 

1  dE  ^0  7 

1  S7.700 

11-4.J 

d 

7  4E-07 

lii 

0  7 

3  7E-.05 

S  47 

500 

J 

1 

S  50 

77 

74 

S7  5  0 

75 

dS 

73  47 

d3  3 

d7  5 

S7  01 

5  5 

1  7E  l0  7 

1  S7,700 

50.0 

53 

7  7El03 

S-Si 

4  4 

3  OELOd 

J  477 

4,500 

J 

7 

;  4  3d 

37 

77 

SS  7  1 

75 

dS 

73  47 

d7  3 

dd  5 

SI  71 

4  5 

1  OE  l0  7 

1  S7,700 

7J.S 

Id5 

1  7El07 

1 

3  4 

7  SEl07 

;  I.S53 

10,500 

J 

71 

J  l,S77 

37 

70 

SS  7  7 

75 

dS 

73  47 

dd  3 

d5  0 

SO  05 

S  7 

3  7E  ^Od 

1  S7.700 

S4.e 

S74 

7  7E^07 

7  0^ 

1  7  7 

4  4E-07 

S 

ld,000 

J 

S7 

S  7,d77 

77 

d7 

SI  54 

75 

dS 

73  47 

d5  3 

dS  7 

73  70 

7  3 

d  4E  ^Od 

1  S7,700 

■dc.e 

437 

S  IE^07 

7  1-)^ 

7  7 

d  7E-07 

;  4,007 

13,000 

J 

Sd 

;  4,045 

77 

d4 

77  7  5 

75 

dS 

73  47 

d4  3 

dl  3 

77  d7 

1  d 

S  5E  LOd 

1  S7,700 

■25.e 

d3l 

7  4El07 

1  d1^ 

4  7 

7  SEl07 

;  5,d0d 

Id, 000 

J 

S7 

;  5,dS3 

d7 

dl 

77  1  1 

d7 

dl 

73  47 

d7  7 

57  7 

75  70 

1  7 

7  7E  ^Od 

1  S7.700 

15.S 

757 

7  IE^07 

1  4^ 

7  3 

1  0E^03 

i  IS.-243 

1  1,500 

J 

7S 

s 

d7 

57 

74  4  4 

d7 

57 

73  47 

53  0 

55  7 

7S  SS 

1  1 

7  5E  ^Od 

1  S7,700 

IS.Z 

700 

1  7E-07 

1  i-ii 

7  7 

7  dE-07 

S  5,7d7 

3,  100 

J 

Id 

S  5,777 

SI  30 

1  5EU0 

10  0-!^ 

45  7 

4  4E-.03 

;  7d,l  73 

35,  100 

J 

170 

;  7d,S43 

Evaporatiuo  Cooling: 

Indirect  with  Chiller  a  Heat  Recovery 


IDEC  HEATING  PERFORMANCE  (24/7  operating  hours) 


(A  D  A  SYSTEMS  -  4iS  h^niib  Odit  ^tc.  CdidI  S 
LO  C  T  lO 

TOTi^L  HOURS  OPER^^TIO!^  [-id  buui  duT  J 
ID  E  C  SIZE 

IDEC  PRIMARY  Dud  S  E  C  O  D  ^  R  Y  CFM 
IDEC  Ei^EROY  D  R  A  Vf  [Kwi-biJ-pumpiofT 
ID  EC  ErJUIPMEi^T  COST  [pci  CFM) 

IDEC  EFF  [diT) 

K  w^b  I  Cdil 

r^DLODi  [pci  Tbcim) 

illumed  Fuiddec  EITieicdet 

YEAELY  EEATIAC;  SEASOF  SAVIFC^E 


cDm.lLddlSSi-Pb;  dSD -3  71-7500) 


MILW^^UKEE 
5  5d  3 
4  50  Ld  Fl 
500,000  EoEb 
70  0 
7  00 

t  0  Od 

;  0  40 

30 

t  JS-4.J00 


^  TTTrf  M  0  TJ  V 

Ycd.i't  HcdlIdp  Sdt.d^] 

! S  54  ,S0  0 

YcdiIt^ddIio^  Sdtid^i 

;  73,100 

T  O  T^  L  Y  cDi  It  5  DT  id  ^3 

;  4  57 ,40  0 

1DE  C  Pi  cm  lu  m 

;  4  40  ,00  0 

1  A  YE  A  CE  -  Y  rr 

0  .57 

S  UPPL  Y 

Iej;  H  U  S  T 

|ho  U  R  S 

SUPPLY 

jE  j:  H  US  T 

aTU^-HR 

1  a  T  u^-a  m 

THERMS 

S 

Vli^-  o  s 

RAR  A- 

R  AR  A- 

K  ET 

IR 

1 

PE  R 

^  IR 

1  ^  IR 

R  E  C  O  V  -  I 

'  R  E  C  OV - 

PE  R 

PER 

S  ID  1C  L 

S  ID  1C  ^  L 

S  ^  V  - 

E  hf  T  E  R  m  O 

E  N-  T  ER  m  O 

1  Y  E  R 

LE  ^  V  m  O 

II  E  V  m  O 

E  R  E  D  1 

1  E  R  E  D 

a  IN' 

a  m 

LOSS 

LOSS 

m  O  S 

;  [tr.O 
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J 
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EtwpwntirtEmTJB.^ 


I 


Wausau  West  lff^ 
ScliGoI,  Wausau,,  Wl 


Kxpe  hs  ive  retrofit  of 
existfhg  ciiilief  pitof 
Severe 


Non-cjojmpliance  wilh 
Standard  62 


Isysieifi 


nUAI.  DUCT  MULTI-ZaNE 

WAUSAU  SCHOaC  DfSCTRICT  (WISCDNSiN) 


1 )  Riuir|(y  Enk'feYvcy  u  cnlutHT"! 

tliTViJiJlJU  of  «rT«|*arvtf¥T  ■ttil 

aLr-uk-air  1k#'al  ejichoni^n. 

2)  lAQ  u,  ianproved  fa)i-  ihf  «■■:' 

[|LianELtie*  af  ouldoQr  aiT  thr-fHUitti  ikC' 

\^uhkii|S  arihc  0up|>iV  n4r  -kaMiilt?  'J»e  DEC 

iiniji  wlkich  4;jt.l]-aFU  (S*|fpjisak*llilf' 

r«-ipEHiiiUv  ivr  pick  ayndroine  and 

whicli  FHiiniM  Ltp  ii^taiav«>d  'b^  conv-cntimiaL 
Ii1lrr>^. 


S>  Kj^dronio  -pwriLnipfci-  f*  Li*ed  to 

prc-vent  laujJdiiTiir  Jin'**  |m»> 

4)  [^ual-Dwd  VA  V  t>o4i:<ia  jure  o**eI  to 
provide  Coolirtjt  (hi:  JiidJvkdujd  biiildinj; 

KOFUIP. 

S')  JiH''4qM;iiaivi£  e^dqELiib.  h  peovkied  hy 

‘I'he  inSCClidAc^'^)  unit  -whfiich  provictcp 
Tliw?  C^4l,  and  the  DKC(dKi2}  unit  w|iii$li 
Mwond  ilsKC  rootinj;. 
fi)  AuscUlLnry  cooUnpE  can  be  wldci!  in  ibe 


future  -  kf  n<^«de>di  ^  1>}r  luEnfE  it  cl<.il 
-cocl  aupEtily  wat>er  {tbrnu^b  a  hcci 
|i^4<3  ■Tj{i£lLiut|Eer  Loop)  betoxe  rnl'<^f3 
UKjC  unit. 

7)  The  )IK  (Iw-rS)  hrat  DjWblfWi' 
fiw*  heatirig  for  the-  hcl  dcrJt.  I"  b 
-weaihert  the  HX  i*  byiiw^EnJ,. 

B)  'Die  heal  eJichar^ftC^  Jwpted  writ 
IDFX]-  rcrxPTocp  heel  *iiii  cooling  fi 
biaileiinA 
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S^lWaxisau  WesBM^h  School 

§;Areaf 

Systei^jJ;;^p;e?  RegeheMtiye  Doub%;©pGt™ 
Primary , Seating  Pjan^Re^uetiph  '^60%. 

CbolirigMarif  Reduction^  ’92%. 
Gross  priergy  Use  Red'actions;- 
•  Natur^’-GasS  38% 


^ecffioalitematid^ 


^M~ross-^^efgv  CdsfReduetions;  :29,.3:%6: 


IT 


‘"‘Base  Line’*  energy 
cbnsp^p^gn.based  ,^|n 

system  tVi  at  utili  zed 
miHiiiiuin  outside  ^iir' 

^M^.Tecircidated;a., 

buil  din  g  air 

consrunp^6'n:based  -oni 
^e^eV§Jip%,;:p^tridb| 
sair  ffll^^Gisystem 


TOTALENERGYCONSUMPHON 
(yLUONS  BTUS) 


b2m 

m2 

18289 

WAUSAU  WEST  HIGH  SCHOOL 
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ilQMiqiiillSptiiiti 


2001  uses  anmdDoritp^ 
outdoor  differentiBLl 
concentet&H^oigreater 
idiM.‘70.b4J|)ifi:  of’G02  as 
an^iiidicator  of  aceeptamf 
Mdoor  .^-.qudlily 


C02PPMRE/€INGS 


IjOOO 
i  900 


1 

1^99 

1 

1 

1 

] 

I 

100  1  ,i 

□OH  System 
□RDDS^sHm 
□OubHe 


WJSAUWEST  HIGH  SCHOOL 
18  Uonh  Period  p/98ta1^ 


system^ 

O  Lower  fii-^r  cost 
for  new  cdtistnictLori) 

Keduced  energy  usage  (up 

tog(3|&^; 

fl  Im|frd^ed%door-air 

—  Larger  ;arnoiintsoj  outdoor: 

. . .  .  . 

Dire  clyse  ctibn  acts  ^asiafiw 
aircscrubter 


Wisconsin  Energy  Initiative  2 


Energy  Efficiency 
Air  Quality 


Comfort 
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jpj  '^^^^^dependeltt4;sj!^l 

cornmissiched  by  a  New -  Jersey 

l! 
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4^'Classical’^^5V^- system'  strategies  anlljequi^meriJ 
; are  not  irt^eting  the  client’ s  needs.  Classical 
■II,¥AC  solntfons  are  the;  problem 

a  TTiey  are  primarily  constructedarpun  energy  intensive  processes 

•  R^i  ahce  on  ye  ntil  ati  oh  re  ducti  dh  i  s  th#  phi  niaty  c  ahs  ^  of  atirl 
qhhl  ity  prdb  1  e  ihs  ■ 

a  Recirculation  compromises  iudo or  air  qudity  and  energy 
effleiiend^; 

O  They  place  indoor  air  qu^ity^^d  energy  conservation  goals  in 
fuuH^e  rit  a^  C  O  nil  ict 

^New  ilVAC  system  strategies  rare  needed.....  beSeti” 
i  engineeringis  required 


^ly  ’‘’‘'^eeh’’  HVAC,  systems  arerattaihable  with 
simple  technologies  fMiare Readily 

•'^SeneJ^s  ofthese  “green  •  systems 
-  e.bfnpiihye  .cojlstriiGtibii.  costs 
(improyedliidbor  atr^qa^ity 

reduGed  heatiii^coolitig  :|ilaiits 
easy  to  miaSi^te 

'Both  Direct 'ffid'lhtiirecbevapbfative  cootegate 
aimpl e,.^Tieliable  |process es  which  iwilTdake .  you 
where  you  wahSto  go;: 
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Geothermal  opportunities  for  ESPCs 

Presenter:  Mr.  Mike  Lemmon.  LSB  Industries. 


Opportunities  for  Geothermai  Appiications 

in  ESPCs 


Mike  Lemmon 
Senior  Account  executive 
LSB  Industries 
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Introduction 


■  LSB  Industries  is  a  provider  of  hydronic  equipment 
and  solutions 

■  I  EC  fan  coils,  Climatemaster  heat  Pumps, 
ClimaCool  modular  chillers,  and  ClimateCraft  air 
handling  units  in  federal  buildings  around  the  world 

■  We  are  not  an  Energy  Service  Company  but  work 
with  Energy  Service  Companies  to  provide  HVAC 
solutions  through  our  Climate  Control  Group 


Objectives  :  Opportunities  for  Geothermal 


■  The  Technology 

■  Side  by  Side  Comparison  of  Geothermal  and  a  Central 
Chilled  Water  VAV  System 

■  Economic  Hurdles  for  Geothermal 

■  Hybrid  Energy  Saving  Solutions 
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Geothermal  in  the  Summer 


Geothermal  in  the  Winter 
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Commercial  Vertical  Loop  Application 


Other  Ways  to  Reject  and  Recover  Heat... 
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Issues  That  Geothermal  Addresses 


■  Energy  Mandates 

■  Mechanical  Room  Space  constraints 

■  Changing  Building  Occupancy  Patterns 

■  Existing  Building  space  and  design  constraints 

■  Year  Round  Conditioning  of  buildings  and  Zones 

■  Terminal  Comfort  and  Control 

■  Indoor  Air  Quality  -  Humidity  Control 

■  Comfort,  Morale,  Building  Aesthetics 


Comparison  of  Geothermal  with  a 
Conventional  System 


Garrett  Office  Buildings 
Edmond,  Oklahoma 


320 


ERDC/CERL  SR-04-26 


Geothermal  Building 
20,000  Sq.  Ft. 


VAV  Buiiding 
15,000  Sq.  Ft. 
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Geothermal  Building 
Floor  1  Plan 


Geothermal  Building 
Floor  2  Plan 
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Floor  2 
Conference 


Floor  2  Private  Office 


ERDC/CERL  SR-04-26 


323 


Floor  2  Open  Office  Space 


Geothermal  Building 
Floor  2  Heat  Pump  Zoning 


324 


ERDC/CERL  SR-04-26 


Typical  Heat  Pump 


Geothermal  Building 

Floor  2  Heat  Pump  Supply  Ducts 
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Geothermal  Building 

Fioor  2  Heat  Pump  Return  Ducts 


Geothermai  Buiiding 
Fioor  2  Ventiiation  Ducts 


J»Cn-IE^hJhrii 


id-'  TrjFri^ 

V 

JH-CmE^hjkdi 


326 


ERDC/CERL  SR-04-26 


Loop  Field  Overview 


Geothermal  Building 
Loop  Field  Site  Plan 
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Loop 

Field 

Details 


Nofef : 

-  iab  oref  Ok  tun  314.' PEp^ 

-  SKjrtleaaermakttJld  Ik  csktroteacl  loop mke  oT ID t»ref 

-  Pore  mifthaje  Ike  fane  oue [all ppe  lekgtk  ibrPabkoedtlokiJ 

(pollenceff  ppikg  Ik  Ike  keadertrekok;) 

-  loopzDke  f  ippl/akd  retirkf  doke  Ik  fane  ^klok 

-  Bores  miftPe  groktdwkek  ccmple-td 


Geothermal 

Mechanical 

Room 
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Geothermal 

Mechanical 

Room 
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Geothermal  Building 

Fioor  2  Heat  Pump  Piping  Zone  3 
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Floor  1  Heat  Pump  Piping 


Floor  1  Heat  Pump  Piping 
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Garrett  Office  Buildings 
Highway  View 


Geothermal  Building 
Roof  View 
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VAV  Building 
Roof  View 


VAV  Building 
Central  Air  Handler 
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VAV  Building 

Air-Cooled  Condensing  Unit 


VAV  Building 
Boiler  Room 
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Garrett  Office  Buildings 
2000  Energy  Consumption 


Month 

VAV  15,000  ft^2 

Geothermal  20,000  fl^ 2 

Gas  Mcf  1 

Elec  kWh 

Gas  Mcf  1 

Elec  kWh 

Jan -00 

36.2 

12,400 

0.0 

9,920 

Feb-00 

21.0 

14,720 

0.0 

10,880 

Mar-00 

6.9 

13,600 

0.0 

9,960 

Apr-00 

4.3 

15,760 

0.0 

10,120 

May- 00 

3.5 

17,920 

0.0 

11,600 

Jun-00 

4.2 

18,560 

0.0 

12,400 

Jul-00 

3.2 

21,280 

0.0 

13,120 

Aug-00 

3.2 

23,520 

0.0 

14,480 

Sep-00 

3.2 

18,720 

0.0 

11,120 

Oct-00 

11.2 

16,080 

0.0 

9,840 

Nov^OO 

21.9 

12,720 

0.0 

10,360 

Dec-00 

69.4 

13,600 

0.0 

13,600 

Total 

$  Cost 

18S.2 

$  1,S82  ^ 

1.32 

156,880 

>  17,895 

0.0  137,400 

$  $  10,992 

0.56 

Garrett  Office  Buildings 

2000  Energy  Consumption  Profile 
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Garrett  Office  Buildings 
Installation  Costs 


■  Geothermal  System  circa  1998 

■  Complete  exterior  loop,  mechanical  room,  interior  PE  piping.  Hushing  and 
unit  startup,  heat  pumps,  duct  work,  exhausts,  MUA  system,  time  clock- 
based  controls 

■  $128,700  ($2,574  per  ton) 

■  VAV  System  circa  1 987 

■  air-cooled  condenser,  VAV  air  handier,  boiler,  VAV  boxes  with  reheat 
coiis,  economizer,  eiectronic  controis 

-  $100,000  ($2000  per  ton) 

■  costs  per  buiiding  owner  do  not  inciude  structurai  or  architecturai 


Economic  Hurdles  for  Geothermal 


■  Projects  to  Date  -  the  tests  are  over 

■  R  es  u  Its  -  are  h  ere! 

■  Do  the  Savings  generate  enough  cash  flow  for  a 
self-funding  ESPC? 

■  Is  geothermal  an  economic  win? 

■  Mitigating  the  project  and  performance  risks  -  a 
sensible  approach. 
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Future  of  Geothermal  in  ESPCs:  Hybrid 
Geotherma!  Systems 


■  Continued  Use  of  Close  -  Loop  Vertical  Systems 

■  Hybrid  systems  consisting  of  Geothermal  and  a  peak  demand 
shaving  technologies 

■  Central  Bore  Fields  with  vertical  heat  exchangers,  production/  re¬ 
injection  wells 

•  Distributed  Pumping 

■  Combined  Heat  and  Power  or  Thermal  Energy  Storage  or 
Injection  well  system 


Geothermal  with  Existing  Hydronic  Systems 


■  Combined  Benefits 

■  Benefits  of  Geothermal  Heating  /  Benefits  of  Hydronic  Heating: 

■  Greater  comfort  than  forced  air 

■  Energy  savings  over  forced  air 

■  No  air  movement  in  heating  (less  dust) 

■  Greater  flexibility  in  zoning 

■  Lowers  heat  loss 
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Delivery  Systems  -  Heating 


■  Radiant  Floor 

•  Baseboard  radiation 

■  Cast  iron  radiators 

•  Fan  coil  units 


Various  Configurations  of  Geothermai 
Systems 


■  Water-to-water  unit's  -  heating  only 

■  Water-to-water  unit's  for  heating;  water-to  air 

unit's  for  cooling 

■  Water-to-water  unit's  for  heating  and 

cooling  (with  fan  coil  units) 


ERDC/CERL  SR-04-26 


337 


Water  -  To  -  Water  Geothermal  with  Existing 
Fan  Coii  Units 


Fn^ 

P^n- 

Odl 

tWitsJ 

Geothermai  and  Boiier  -  Extended  Capacity 


FnsmW-W  unit 
To  ynit 


^Backup  boiler  is  for  capacity,  not 
for  liigher  water  temperatures. 
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Geothermal  and  Boiler  -  Extended 
Temperatures 


“^Backup  boiler  is  for  capacity,,  not 
for  higher  water  temperatures. 


Heat  Pump  Technology  and  Combined  Heat 
and  Power: 


■  Combined  Heat  and  Power 

■  Reciprocating  Natural  Gas  Engine 

■  Micro-Turbine 

■  Fuel  Cells 

■  Heat  Pumps  can  be  the  key  to  providing  enough  thermal  load  to 
meet  the  economics  hurdles  of  Combined  Heat  and  Power. 
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Hybrid  Heat  Pump  /  Combined  Heat  and 
Power 


Thank  you  for  your  time  and  participation! 
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Case  Histories  Utiiizing  Totai  Energy  Recovery  for  Preconditioning 
Outside  Air 

Presenter:  Mr.  Douglas  Haas.  SEMCO  Incorporated 


Chiller  and  Boiler  Capacity  Reduction  Utilizing 
Total  Energy  Recovery  Wheels 


Douglas  Haas 

Chicago,  Illinois 
October  8,  2003 
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Key  HVAC  Market  Drivers 

•  ASHRAE  Standard  62-2001  Ventilation  for  Acceptable  Indoor 
Air  Quality. 

•  ASHRAE  Standard  90.1  Energy  Efficient  Design  of  New 
Buildings  Except  Low  Rise  Residential  Buildings. 

•  Energy  Policy  Act  of  1992  (EPAct)  which  codifies  ASHRAE  90.1 
into  law. 

•  International  Building  Code  -  Establishes  specific  cfm 
requirements  for  specific  applications. 


ASHRAE  62-2001  lAQ  Standard 


•  Purpose:  To  provide  adequate  dilution  ventilation  to  occupied 
spaces  and  insure  a  healthy  indoor  environment.  The  outdoor  air 
must  be  provided  to  the  space  continuously  when  occupied. 

■  Impact:  Increases  the  amount  of  outdoor  supplied  to  most  facilities 
by  a  factor  of  four  (20  vs.  5  cfm/person).  Recommends  30-60% 
space  RH.  Major  impact  on  the  performance  of  conventional  HVAC 
systems. 

•  Link  to  Energy  Code  90.1 

•  Trend:  New  body  of  research  is  supporting  the  need  for  increasing 
the  ventilation  rates  even  further  to  25  or  30  cfm/person  (ie:  OSHA, 
U.S.  Airforce,  DOE  Schools  Investigation). 
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ASHRAE  62  Presents  Problems  for  Conventional  HVAC 
Equipment 


•  Increasing  outdoor  air  eievates  latent  loads  during  the  cooling  season,  making 
humidity  controi  far  more  difficuit.  Sensibie  heat  ratios  of  .55-.65  are  required, 
far  below  the  .8  SHR  delivered  by  conventional  equipment. 

'  Since  the  outdoor  air  must  be  provided  continuously,  humidity  control 

problems  occur  when  the  coil  is  cycled  off  since  humid  air  is  dumped  directly 
into  the  space. 

•  During  the  heating  cycle,  cold  air  is  dumped  into  the  space,  creates  drafts  and 
low  indoor  relative  humidity.  Risk  of  freezing  coils  on  cold  days. 

'  The  energy  cost  associated  with  conventional  systems  with  increased  outdoor 
air  can  be  very  significant  (Life  Cycle  Cost). 


A  Significant  Difference  in  Savings:  Totai  Recovery  vs. 
Sensible  Only 


Total  Energy  Wheel 
Plate  Exchanger 


Heat  Pipe 

I  I  Run  Around  Coils 


rr^j  CORPORA  T 
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How  It  Works: 
(Cooling  Season) 


2-3.  Outdoor  Air  is 
Cooled,  Dehumidified  then 
Supplied  to  HVAC  System 


1.  Fresh 
Air  (Hot 
Passed  Through 
Wheel 


4.  Exhaust  Air  is 
Pulled  from  the  Space 
(Cool  and  Dry) 


5-6.  Exhaust  Air  is  Heated  and 
Humidified  then  Sent  Outdoors 


Typical  Total  Recovery  Performance 

Buffers  the  facility  from  outdoor  air  loads 


Cooling  Mode 

Exhaust  Air  Return  Air 


Heating  Mode 


Exhaust  Air  Return  Air 
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Why  Controlling  Relative  Humidity  is  Essentiai  to  Avoid 
Microbiai  Growth 


Organics 
and  dust 


70%  to  100%  relative  humidity 


Maintaining  the 
indoor  relative 
humidity  below  70% 
is  usually  the  most 
practical  means  to 
stop  fungal  growth. 


TEMPERATURE 


GST  OOT 


Adopts]  iPcm  EankS;  H.  I93e. ■FloH Test  ora Desiccait  EosedHVAC 
svstan  DPHoteJ',  ASHRAETransacdcnsvol.  ESipt.  I.  Atlanta:Am 
$00..  OtHoaUng,  Rot-i^eratli^diil  ht  tondltlorln^  ho.. 


Indoor  Humidity  vs.  Operating  Mode: 

Conventional  packaged  HVAC  with  &  without  Desiccant  Preconditioning 


Mold  Growth 
Above  this 
Level 


(Aitiiil  Hjdd  Tcft  GTRlA^fllu  Vcransn.  Sdu«l  Study) 


12  PM 

Time  of  Day 
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Conventional  HVAC  units  are  designed  to  perform  with: 

•  Minimal  outdoor  air  (15%) 

•  High  sensible  heat  ratio 


Comfort  Conditions  Acceptable^  Sensible  Heat  Ratio 

Relative  Humidity  Borderline,  High  (.75) 

Minimal  Outdoor  Air  Volume  (15%) 


Conventional  HVAC  units  do  not  perform  well  with: 

•  Increased  or  continuous  outdoor  air 

•  High  latent  to  sensible  heat  ratios 


Cooling 

CoU 


Outdoor  Air  Mixed  Air  —  Si^ly  Air 


S5  deg. 
110  gr. 
450  cfm 


79  deg.  = 

101  gr.  = 

35.0  BTU/Ib.  = 


64.0  deg. 

28.5  BTU/Ib. 
1200  cfin 


Return  Air 
75  deg. 

97  gr. 
76%™ 
750  cfin 


(*  Using  a 
3  Ton  Unit) 


Comfort  Conditions  Not 
Acceptable,  Humidity 
Unacceptable,  Outdoor  Air 
Volume  as  per  ASHRAE  (38%) 


Sensible  Heat  Ratio 
Low  (.58) 


fMCORPORAT 
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Why  Outdoor  Air  Must  Be  Supplied  Continuously 


Hydrocarbon  Contaminant  Levels 

00-1  (levels  measured  in  classroom) 


Contamnuaiiljwid  £  fOnyriudoit 
cf  nitdccr  4ir  ccnvaiiuiul  HVAC 
fyftam  opawn^mtaKattavOy 

Contamnuaiiljwid  15  f&nyrtudaii 
cf  mtdiovz  air,  EXCLU- SIE VE°< 
prucnjdiiijfmja'  cparaiinf  ccniiniuMuly 


Guideline 

Limit 


9:00  10:00 


11:00  12:00 
Time  of  Day 


2:00  3:00 


1:  Gsoi^ia  Tech  fAQtsst  f^su}ts<:locu{t?snt  nsstil  ±>rths  ASHRAE  Standanil  in  school 
fliote  tf7e  (frrtfererce  in  irme  regfovred  to  ard  f/ie  ieusi  of  jfitJvWifn  kwf/r  ^tonwrtoerrf-cper^tofT. 
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Fluted  Media:  Face  Coating 


Evolution  of  Energy  Recovery  Wheels:  “Brillo  Pad  to 
Molecular  Sieves” 


Evolution  of  the  Energy  Wheel  State  of  the  Art  Technology 


I - 

1950  ^ 


Metal  Mesh 
Wheel 

Tempea-atune  Only, 
First  WTueel 


1960  1970 

1  ^ 

Oxidized  Aluminum 

Total  Energy  Wheel 

First  Metal  Total  Eneiigy 
Solved  LiCl  Pioblerns 


"1 - 1 

1980  A  1990 


3 A  Molecular  Sieve 
Total  Energy  Wheel 

First  Wheel  to  Elirainate 
Desiccant  Cnoss-oontamination, 
also  Increased  Performance 


Asbestos  Paper 
Wheel  with  LiCl 

First  TotalEnerigy 
Desiccant  Wlieel 


Sihca  Gel  Aluminum 
Total  Energy  Wheel 

First  Metal  Total  Enerigy 
to  Use  an  Actual  Desiccant 
Solved  the  Conosion  Problems 
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Molecular  Sieves:  How  does  it  work? 

Summertime  Operation 


Water  vapor  in  supply  air  stream  is 
adsorbed  on  the  desieeant. 


Because  the  vapor  pressure  in  the  colder  exhaust  air 
stream  is  iower  then  the  water  vapor  pressure  on  the 
desiccant  surface,  the  water  is  desorbed  and  exhausted 
back  to  the  outside. 


Moiecuiarsieveisaman 
made  material  with 
controlled  pore  openings 
to  adsorb  only  certain 
type  of  vapors  and 
gases. 


3A  pore  opening 


Molecular  Sieve  Desiccant  Coating 

(SEM  10,000  X) 
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SEMCO  Wheel  is  Designed  for  Reliability  and  Structural 
Integrity 


3A  Molecular  Sieve 
Coated  Aluminum  Media, 
Each  Section  Removable 


Tubular  Steel 
Frame  Designed 
for  No  Wheel  Deflection 
Allowing  Effective 
Non-contact  Labyrinth 
Seals 


Ikl 

< 

Ik 

Extruded  Tubular  Aluminum 
Spokes,  Hub  and  Rims,  Sectioned 
Media  to  Allow  for  Replacement 
and  to  Ensure  Structural  Integrity 


r  r  J  C  O  R  P  O  R  A  T 


Wheel  Cassette: 


Before  Media  Installation 


Complete  Cassette 
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Purge  Assures  No  Re-entrainment 


Outside 

Air 


Supply 
Air 


A  portion  of  the 
outside  air 
stream  is  used  to 
flush  out  the 
contaminated 
return  air  still 
contained  in  the 
flutes  of  the 
wheel 


Exhaust 

Air 


FV  Series:  How  it  Works 


Supply  Air  /  (C)  75°F,  67  gr/lb 

(C)  8rF,  82  gr/lb 
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Applied  Systems  Overview 


EPCH  Solution 


-Temp.(T) 


-  Grains 


Outside 

Air 


Total 

Energy 

Wheel 


Cooling 

Coil 


Heating 


Coil  (OFF;) 


94.0 

112.0 


Return 

Air 


Supply 

Air 
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EPD  Solution 


56.8 


-  Temp.fF) 


Total 

Energy 

Wheel 


Sensible 

Only 

Wheel 


Outside 

Air 


Supply 

Air 


-  Grains 


Return 

Air 


94.0 

112.0 


63.4 

47.0 


Total  Energy  Recovery 
Case  Histories 
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Only  SEMCO  has  the  expertise  to  produce  both  total 
energy  wheels  &  systems 


Georgia  Tech  Olympic  Dormitory 
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Georgia  Tech  -  Energy  Recovery  Details 


•  43,000  cfm  of  outdoor  air  through  4 
EPD  systems 

•  Dehumidified  outdoor  air  (cooling)  and 
humidified  outdoor  air  (heating) 
delivered  at  a  space  neutral 
temperature 

•  7  years  of  successful  operation 


r  r  J  C  O  R  P  O  R  A  T 


Georgia  Tech  -  Cooling  Mode  (EPD) 


-  Temp.(F) 


Suppiv 

Air 


Total 

Energy 

Wheel 


Sensible 

Only 

Wheel 


Outside 

Air 


-  Grains 


Returr 

Air 


95.0 

115.0 


75.0 

64.0 


69.0 

55.0 
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Georgia  Tech  -  Benefits  Recognized 

•  Economical  application  of  constant  volume,  1 00%  outdoor  air  system 
to  deliver  preconditioned  ventilation  air  to  the  corridors. 

•  Decoupled  outdoor  air  and  some  space  latent  load  from  conventional 
room  HVAC  units,  improved  space  humidity  control. 

•  Significant  reduction  in  first  cost,  operating  cost  and  life  cycle  cost. 
Provided  exceptional  ROI. 

•  Reduced  chiller/boiler  capacity  requirements. 

•  Free  heating  season  humidification. 


Georgia  Tech  -  Economic  Summary 


Annual  Energy  Savings 
Summary 


Convoitional 

Systoii 

EXCLU- SIEVE™ 
boc  oikjditioiiiiig 

Cost 

for  outdoor  air 
healing  and  cooling 

$*0,670^™ 

$22,e30^oir 

Demand  Charges 
for  outdoor  air 

$22,430^™ 

$13,020^^ 

Total  Elnergy 

Cost 

$36,8£0^oair 

Enogy  Saivingf  -uifli.  Total 

Enjogy  n^Hoikjditioiiing 

$t7,24t)/yoar 

NOTES: 

1 .  air  43  JOOO  c&n,  aidiauit  air  28  J300 

2.  ELectric  cost  i£  ¥.055/EWH,  gas  at  ¥.55/Thjeim 

3.  Eased  oil  a  24  7  operatiorL 

4.  Aisirmes  pidieat  la  68  de^.  during  wmterTmth  hot  water 

5.  Aifumes  cooling  to  52  de^.  during  cooling  seaionwith. 
reheat  to  68  de^. 


First  Cost  Comparison 

Summary 

Convoitional 

Syrtovi 

SEMCO  EFD 
bee  onditionmg 

Cost  of  3  Baet^ 
Eeooveiy  or  AEIU 
Pre  conditioners 

$tl,7(C 

$202,900 

Sastallalion/ 

Duotwods 

$69,000 

Chiller,  Cooling 
Tower  &  Boiler 

$171,200 

$66,000 

Chilled  Water 
P^ing  Credit 

$« 

($33,000) 

Total  Lastallatian 
Cost 

$316,400 

$304,900 

EXCLU- SIEVE™ 
bee  oiijditioiimg 
bnt  Coft  Sannng^f 

$11,500 
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Applying  a  SEMCO  Total  Energy 
Recovery  System  to  a  Large 
Office  Facility: 

Analyzing  the  Decision  After  10  Years  of  Operation 


1100  Peachtree  -  Project  Specifics 


33  Story  Headquarters  Facility  in  Atianta 
Designed  to  Meet  ASHRAE  62-89 
Guidelines 

Required  52,000  CFM  of  Outdoor  Air, 

31 ,000  CFM  of  Exhaust  Air  from  T oiiet 
Areas 

Utiiized  Desiccant  Based  Totai  Energy 
Recovery  Preconditioning 

Preconditioned  Outdoor  Air  Delivered  to 
VAV  Air  Handiing  Units  Located  on  Each 
Fioor 
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1100  Peachtree  -  Benefits  Recognized 

*  Reduced  annual  energy  consumption  by  $51 ,000  while  maintaining 
lAQ. 

•  Reduced  project  first  cost  by  cutting  chiller  capacity  by  137  tons 
and  eliminating  a  600  KW  electric  preheating  coil. 

*  Maintains  a  constant  delivery  of  outdoor  air  to  occupied  spaces  as 
the  VAV  system  modulates  the  amount  of  return  air. 

•  Free  wintertime  humidification,  reduced  cooling  coil  condensate  by 
1 ,300  Ibs/hr  at  design  conditions. 


Schematic: 


•  Conditioned  outdoor  air  leaves 
the  TERS  and  is  delivered  to 
the  VAV  units  (1). 

•  The  VAV  unit  mixes 
recirculated  room  air  (3)  and 
outdoor  air  (1)  and  delivers  it 
to  the  space  (2). 

•  Air  from  toilet  areas  and 
janitors  closets  pulled  through 
the  TERS  and  exhausted  (4). 
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Independent  lAQ  Investigation  Supports  the  ASHRAE 
62  Guidelines 


Carbon  Dioxide  (C02) 


Volatile  Organic  Compounds  (VOC) 


5000-1 


f  4000- 


Guideliiije  Limit 


Monday  Moming 
Effect 


5  cfiti/person 


20  cfin^erson 
with  TERS 


1100  Peachtree  -  Economic  Summary 


Annual  Energy  Savings 
Summary 


Eneiigy  Cost 
for  outdoor  air 
heating  and  coo! 


Demand  Chaige: 
for  outdoor  air 


Total  Energy 
Cost 


CDiunjiikmal 


ilig 


$4£^£00^a 


$36^2D0j^a 


$S],7U0^ar 


Energy  Savings  with  Total 
Energy  Preconditioning 


TEES 

PrecoltdiiiDnLng 


$7^00/jrar 


$30^600i^a 


$£l,lJ00i^a 


NOTES: 

1 .  Supply  air  52J000  cfin,  sKhaust  air  31^00 

2.  Electric  cost  is  $.07 /KWH  plus  $8/KW  demand  cha  ge 

3.  Based  on  a  12  hr/day,  5  dayA^reek  operation 

4.  Assumes  preheat  to  40  degf.  during  ■winterwithele 

5.  Assumes  cooling  to  3S  degf.  during  cooling  season 

6.  Savings  would  have  been  greater  had  eidiaust  equal 


First  Cost  Comparison 
Summary 

Commiunal 

TERS 

Free  onditumng 

Cost  of  Energy 
Eficoveiyor  AH' 
Pre  conditioner 

j  $££;,oao 

$110^00 

Installation/ 

Ductwork 

$28^000 

$23^000 

Chillers 
Cooling  Tower 

$9L,oao 

(260  tins) 

$43^000 

(121  tins) 

Electric  Pieheai 
Coil 

$7^00 

(600KW) 

$0 

iOKW) 

Total  Installatior 
Cost 

$102^00 

$176^00 

Total  Energy  Recovery 
Preconditio  ning 

First  Cost  Savings 

$6^00 
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Interview  with  Building  Engineer 

•  Rated  overall  performance  as  excellent,  minimal 
maintenance,  high  reliability. 

•  Maintenance  required: 

^  Quarterly  filter  changes; 

^  Semi-annual  inspection  of  belts,  gear  reducers; 
Annual  bearing  lubrication. 

•  Would  highly  recommend  this  design  approach  for  future 
buildings. 


Problems  Over  9  year  History 

•  Lovi/  cost  substitute  filter  pulled  out  of  filter  rack  during  driving 
rain  and  damaged  v\/heel  media  requiring  replacement. 

•  Vane  axial  fan  required  service  one  time  forworn  part. 

•  Rebuilt  one  energy  wheel  gear  reducer,  replaced  belts  two 
times. 


rr^JCORPORAT 
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1100  Peachtree  -  Evaluation  Summary 

•  Benefits  promised  by  the  technology  at  the  design  phase  have 
been  recognized  overtime  at  the  1100  Peachtree  Building. 

■  Air  quality  within  the  building  is  excellent. 

•  Owner  has  saved  approximately  $500,000  in  energy  cost  over 
the  life  of  the  project. 

•  No  degradation  to  recovery  performance  over  time  (checked 
after  6  and  9  years). 


Source  for  Additional  Information 


*  Office  Building  lAQ  Investigation 

;e?ASHRAE  IAQ’91  Proceedings:  Healthy  Buildings, 
“Does  a  total  energy  recovery  system  provide  a 
healthier  environment?”  Pages  74-76.  C.W.  Bayer 
and  C.C.  Downing 


IMCORPORAT 
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Johns  Hopkins  Ross  Research  Facility 

1 1  Years  of  Successful  Operation 


Ross  Building  -  Project  Specifics 


•  300,000  cfm  of  combined 
laboratory/hood  exhaust 

•  10  air  changes  per  hour,  constant 
volume  system 

•  Eight  SEMCO  3A  molecular  sieve 
coated  total  energy  recovery  wheels 
(14’  diameter) 

•  11  years  of  successful  operation 


fMCORPORAT 
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Ross  Building  -  Benefits  Recognized 

■  Economical  application  of  constant  volume,  100%  outdoor  air 
system  to  laboratory  (preferred  by  the  Head  of  Health  and  Safety). 

•  Significant  reduction  in  first  cost,  operating  cost  and  life  cycle  cost. 
Provided  exceptional  ROI. 

•  Reduced  chiller/boiler  capacity  requirements  allowed  for  the  use  of 
central  plant  utilities. 

•  Improved  humidity  control,  reduced  condensate  on  cooling  coils  by 
65%  and  size  of  steam  to  steam  humidifiers. 

•  Resolved  “freeze-stat”  alarms  with  frozen  coils. 
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Ross  Building  -  Cooling  Mode 


Exhaust  Air 
2^U.0(H)  elm 

<= 


Outdoor  Air 
30IMKm  cfm 


Return  Air 
75 

68  gr. 


J  l-'nmi  i.ahonitorics 


Supply  Air 
o  L. a hora lories 


65 

54  gr. 

nnLi.]£i) 

WAILR 


nor 

uaikr 


Ross  Building  -  Heating  Mode 


Kxhaust  Air 

mmm  cfm 

- 


Return  Air 
From  l.aboratones 


Supply  Air 
To  l.ahoratorie^ 


Outdoor  Air 
30(M«M>  cfm 


r 

iO”? 

6rF 

65 '’F 

65  "F 

Sgr. 

55  gr. 

55  gr. 

gr.  1 

nor 


niAnr>iFn:R 
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Ross  Building  -  Economic  Summary 


First  Cost  Comparison 

Summary 

Conventional 

System 

ESCLU-SIEVE“ 

Preconditioning 

Cost  of  Eneiigy 
Rjecoveiy  or  AHU 
Preconditioner 

$4f0,000 

$1,0£6,900 

Instillation/ 

Ductwork 

$23^,000 

$29^,000 

Cliiller* 
Cooling  Tower 

$3,1£S,400 
(2632  tons) 

$1,^36,000 
(1280  tons) 

Boiler  ini 
Piping 

$286,300 
(818  HP) 

$71,400 
(204  HP) 

Total  Installation 

Cost 

$4,129,700 

$2,9£9,300 

EXCLU-SIEVE“ 

PrecoiijditijDnine 

First  Cost  Saving 

$1,170,400 

Annual  Energy  Savings 

Summary 

Conventional 

System 

EXCLU- SIEVED 
Preconditioning 

Energy  Cost 
for  outdoor  air 
heating  and  coohng 

$l,07a,£0a/yT. 

$£a3,300/yT. 

Demand  Charges 
for  outdoor  air 

$l£l,800/yT. 

$73,800/yr. 

Total  Energy 
Cost 

$l,222,30a/yT. 

$£77,100/yT. 

Energy  Savings  with  Total 
Energy  Preconditioning 

$64£,200/year 

NOTES: 

1 .  Supply  air  300,000  cfm,  exhaust  air  230,000 

2.  Electric  cost  is  $. 043/KWH,  gas  at  $.437rherm 

3 .  Eased,  on  a  24  hr/diy,  7  dayAveek  operation 

4 .  Reheat  to  75  degf.  during  winter  with  hurnidification 

5.  Assumes  coohng  to  52  degf.  during  cooling  season 

6.  Demand  charges  ate  $14.42  from  June  to  September 

Ross  Building  -  Life  Cycle  Analysis 

•  SEMCO  total  energy  recovery  wheels  resulted  in  a  first  cost 
savings  of  $1 ,170,400. 

•  Provided  a  positive  present  value  cash  flow  of  $6,959,600  based 
on  20  year  life  cycle. 

•  Will  provide  estimated  energy  savings  in  the  amount  of 
$15,307,500  over  the  20  year  life  cycle  analysis  period. 


Assumes:  inflation  at  2.5%  and  cost  of  capital  of  10%.  no  taxes 
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Energy  Saving  with  Demand  Controlled  Ventilation 

Presenter:  Mr.  David  Scheidler.  Plymovent 


with 

Cbiitftolled 
JE^pfGiess  andMenGml;; 
V^bdtiiadbii, 
System^ 


by: 

David  Scheidler 
PlymoVent  Corp^  USA 
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WORLD  WIDE  ENERGY  DEMAND  IS  UNDER 

ATTACK! 

•  Not  since  the  OPEC  oil  embargo  has  the  world’s  energy 
supply  been  in  question. 

•  The  war  on  terrorism  and  conflicts  in  the  Middle  East  will 
inevitably  raise  energy  prices. 

•  The  failure  to  continue  to  explore  alternate  energy  sources 
in  the  past  two  decades  has  continued  the  demand  on  fossil 
fuel  energy  to  supply  most  countries  electric  power  needs. 


HOW  WILL  YOU  HANDLE  THE  ENERGY  COST  INCREASE  ? 
HISTORY  REPEATS  ITSELF. 

IN  THE  LATE  70 ’S  THE  OPEC  OIL  EMBARGO  DOUBLED 
MOST  ENERGY  COSTS. 

•  1979  gasoline  costs  in  the  United  •  Winter  of  2001^  gasoline  costs  in 

States  were  .37  cents  per  imperial  the  US  were  $1.00  per  imperial 

gallon  prior  to  the  oil  embargo.  gallon.  This  meant  there  was  little 

•  1980  gasoline  prices  drastically  increase  in  the  change  of  the  price 

rose  to  .95  cents  per  imperial  crude  oil  horn  the  year  of  1980 

gallon.  to  the  winter  of  2001. 

•  This  increase  in  fossil  fuel  demand  *  Summer  of  2001,  gasoline  cost  in 

left  the  US  consumer  with  an  the  US  rose  in  less  then  6  months 

increase  in  ene^  costs  which  to  a  $1.75  per  imperial  gallon, 

dramatically  efftcted  corporate  •  The  result  of  this  dramatic  increase 

profits  and  inflated  the  general  cost  has  directly  effected  corporate 

of  living.  profits^  initiated  surge  charges 

•  Energy  prices  rose  nearly  tripled.  *<>»■  pes«h  demand  users,  and  states 

like  California  created  rolling 
blackouts  and  interruption  of 

power. 
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DEMAND  CONTROL  VENTILATION  IS  A 

SOLUTION  FOR  SAVINGS. 

Process  ventilation  applications 

General  ventilation  applications 

•  Machining  processes 

*  Indoor  air  quality  control 

•  Welding  processes 

•  Vehicle  emissions  control 

•  Grinding  processes 

•  General  exhaust 

•  Laser  and  plasma  cutting  processes 

•  Finishing  processes 

•  Vehicle  tune-up  processes 

*  Displacement  ventilation 
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EXHAUST  VENTILATION 


in 


ERDC/CERL  SR-04-26 


369 


AutofnaKcDarnper 


Hood 


PRppE^  VENTII;i?^r]^ 


m— 

Suppty  Atr 


Exhaust  Air 


Genera)  ventilation 
with  heat  ei<changer 


Air  Supply 
Ei<haust  Aiir 


I  I  I 

Exhaust  Air 


Robot  Welding 


Welding  Extractiofi  Arm  Multi  Dust  Bank  Fan 
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MACHNE  TOOL  PROCESS  WITH  DEMAND 

CONTROLS 


TYPICAL  CONTROL  SENSOR  TYPES 

•  Pressure  differential  sensor 

•  Infra-red  light  sensor 

•  Inductive  electrical  sensor 

•  Particulate  sensor 

•  Relative  humidity  sensor 

•  CO  sensor 

•  Hydrogen  sensor 

•  Temp,  sensor 

•  And  many  others 
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PEAK  DEMAND  EVALUATION 

When  designing  a  demand  controlled  ventilation  system 
it  is  important  to  evaluate  the  peak  demand  usage  factor 
of  the  system. 

High  demand  -  small  ventilation  systems  or  robotic  systems 
usually  exhibit  higher  peak  demand. 

Low  demand  -  large  manual  or  semi-automatic  systems 
usually  exhibit  lower  peak  demand. 

Example  of  demand  : 

1-2  workstations  -  90-80%  usage 
3-4  workstations  -  70-80%  usage 
5-8  workstations  -  55-70%  usage 
10+  workstations  -  45-50%  usage 


HOW  ARE  SAVINGS  ACHIEVED  ? 

*  Lower  energy  consumption  -  energy  consumption  is  reduced  since  the 
ventilation  system  only  (^crates  when  required  by  the  demand  of  the  process. 
It  will  also  operate  only  for  the  designated  air  delivery  which  is  required  by 
process  demands. 

*  Lower  maintenance  costs  -  maintenance  cost  will  be  reduced  since  the 
system  will  not  be  required  to  operate  at  100%  capacity  at  all  times.  This  will 
reduce  the  quantity  or  filter  elements  and  their  frequency  of  replacement. 

*  Lower  operating  costs  -  operating  costs  will  be  reduced  by  more  efficient 
energy  saving  blower  motors  which  in  turn  are  energy  managed  by  demand 
controllers  which  are  interfaced  with  frequency  inverters. 

*  Lower  installation  costs  -  installation  costs  are  reduced  by  reducing  the 
overall  size  of  the  system  and  its  related  components  such  as  electrical  wiring, 
motor  starters,  size  of  ductwork,  and  the  need  for  fire  suppression. 

*  Lower  initial  purchase  costs  -  since  few  manufacturing  processes  operate  at 
100%  demand,  a  savings  will  be  achieved  by  reducing  the  overall  air  volume 
of  the  system  audits  filtering  systems. 
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Energy  Saving  Analysis 


Average  temperature  on  location  C 
Ambient  air  temperature 
Two  shift  operation  hours 
Year  hours 

Enerqv  required  to  heat  1  m^  air  1  deqree  C 
Min.  required  efficiency  on  heat  exchanger 


Without  controis  and  With  controls  and  With  controls  and 
heat  exchanger  w/o  heat  exchanger  heat  exchanger 


Airflow  per 

Hours 

Usage 

Total 

Usage 

Total 

Usage 

Total 

Pcs 

point  m3fh 

/year 

% 

airflow/h 

% 

airflow/h 

% 

airflov^j/h 

Extraction  arms  manual  welding 

5 

1  000 

3520 

100 

5  000 

30 

1  500 

30 

1  500 

Suction  tables  manual  welding 

24 

1  000 

3520 

100 

43  200 

30 

12  960 

30 

12  960 

Suction  hoods  robot  welding 

0 

1  800 

3520 

100 

14  400 

80 

11  520 

80 

11  520 

General  ventilation 

Total  airflow 

1 

28  000 

8760 

100 

28  000 

90  600 

100 

28  000 
53  980 

100 

28  000 
53  980 

Energy  consumption  per  year  process  ventiiation 

kWh 

1  063  000 

445  885 

156153 

Energy  consumption  per  year  generai  ventilation 

kWh 

1  195  000 

1  195  000 

421  431 

Power  consumption  on  fan  motor 

kWh 

497  340 

419  724 

419724 

Total 

kWh 

2  755  340 

2  060  609 

997  308 

Savingswith  control  equipment 

kWh 

694  731 

Savings  with  controi  equipment  and  heat  exchanger 

kWh 

1  758  032 

6  degrees  C 

-15  C 

3520h 

8760h 

0,348W 

50% 
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QUESTIONS  FROM  THE  AUDIENCE 
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THANK  YOU  FOR  YOUR 
PARTICIPATION. 


•  If  you  have  any  questions  or 
comments,  please  email  them  to 
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A  Robust  Tool  for  Screening.  Tool  for  Combined  Heat  and  Power 
Technologies  in  Today’s  Energy  Marketplace 

Presenter:  Mr.  William  Ryan.  University  of  Illinois  in  Chicago,  ERC. 


I  University  o1  Illinois 

U I W  at  Chicago  C^_i^ 


A  Robust  Screening  Tool  for  CHP 
Technologies  in  Today’s  Energy  Marketplace 


Dr,  William  Ryan 
.U  n1  V  e  rs  1 1  y  ■  -  o  f  1 1 1 1  n  o  r.s  at  C  h  I  ca  go 
Energy;  Resources;  Center 
:  31 2-996-3606 

Midwest  CHP  A pp  1 1  oat  Id n  •  Center  (MAG) 
w  w  w .  C  HP  G  e  pt  e  rM  W  .o  rg 
;3;i  2-41.3-5445 


What  is  a  Screening  Tool? 


First  Look  at  a 
CHP  Opportunity 

-  Is  Proceeding  to  a 
Concept  Design 
Justified? 


CHP 
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How  Does  it  Need  to  be  Structured? 

•  Quick  and  Easy-to-Use 

•  Handle  the  Level  of  Detail  Available  on  the 
Application 

-  Might  Be  a  Basic  Architectural  Description  of  a  New 
Building,  or 

-An  Existing  Building  with  a  Historic: Record  of 
Energy  Consumption 

•  The  Market  Today  Expects  M  ore  Accuracy  ah^^^^ 
Sophistication  in  Screenihg  Tools  than  |h  ‘thtev 
Past 


Univ«rai1y  ol  II 


'  at  ChKago 


MIDWEBT 

CHP 


What  is  the  Most  Common  Pitfall  of 
Existing  Screening  Tools 


Averaging  ! 

-Energy  Analysis  Often  has  this  Inaccuracy 

-In  CHP  or  any  Heat  Recovery  System  -  It  is 
Lethal 

Unfortunately  -  It  is  Also  Mearl^ 
Universally  Done 


linlv^raity  ol  II 


'  at  ChKago 


CHP 

-.Pi^LiDrtT  a*# 

Center 
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UlC  Gas  Engine  Generator 


□  WEBT 

HP 

OH 

ENTER 


Heating  Load  Per  Month 

•  Simplistic  Programs  Start  with  the  Total  Monthly 
Thermal  Loads 


MMBH  (Million  Btu/Hr) 
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Average  Heating  Load 

•  This  Amounts  to  Assuming  the  Heating  Load  is  Split 
Evenly  Across  the  Month 


L300-  Average  Heatmg  Load 


Average  Heating  Load 

•  Lets  Take  a  Look  at  December  and  Assume  that  the 
Recovered  Heat  Output  Capacity  of  a  CHP  System 
Equals  the  Average  Load  in  December 


1.40 

1.20 

1.00 

0.30 

0.60 

0.40 

0.20 

0.00 


Dec 


Averaging 
Programs  Have  No 
Choice  But  to 
Assume  the 
Recovered  Heat 
/Meets  the  Heating 
Load 
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Nothing  Could  Be  Further  From  the  Truth  !! 

•  Hour-by-Hour  Heating  Load  (DOE-2) 

•  The  Heating  Load  Varies  Wideiy  Throughout  the  Month 


8 

7 

e 

^  5 

a 

l4i 

m 

^  3 

2  H 

1 

0 


Average 

Heating 

Load 


Hours  of  the  Month 


Evaiuating  Hour-by-Hour 

•  Assume  CHP  System  Generates  Constant  Eiectric  Output 


•  The  CHP  Heating  Capacity  Can  Meet  this  Portion  of  the 
Heating  Load 
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Some  of  the  Heating  Load  Cannot  be  Met 


Boiler  System  Must  be  Called  Upon 
to  Meet  the  Remainder  of  the  Load  in 
High  Load  Hours 


8  1 


7  - 


8  - 


Heating  Load 
That  Cannot 
Be  MetbyCHP 
System 


Continuous 
CHP  Heat 
Output 


Hours  of  the  Month 


And  in  Low  Load  Hours 

'  Some  of  the  Heat  from  the  CHP 
System  Must  be  Dumped 


Continuous 
CHP  Heat 
Output 


CHP  Heat  Output  that 
Cannot  be  Used  - 
Dumped  to  Radiator 


Hours  of  the  Month 
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Net  Effect 


•  Averaging  Analysis  has  No  Choice  but  to  Base  Projections 
on  Average  Loads  and  Average  Equipment  Capacity 

-  The  Over- Projections  Can  be  Quite  Large 

•  A  CHP  System  Following  the  Electric  Load  May  Make  this 
Worse! 


-  In  Commercial  Building  ; 


-  Electric  Loads  and  Heating  Loads 
are  Negatively  Correlated 

Averaging 

Analysis 

Hour  by 
Hour 
Analysis 

Total  December  Heating  Load 

1088 

1088 

Heat  Produced  by  CHP  System 

1088 

1088 

Load  Met  By  CHP 

1088 

631 

Heat  Required  from  Boiler 

0 

457 

CHP  System  Heat  Dumped 

0 

454 

Why  Is  This  Averaging  Done 

•  Actual  Hourly  Loads  are  Rarely  Available 

-Would  Not  Be  Useful  Anyway 

-Loads  Must  be  Corrected  to  Average 
Weather  Years 
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What  is  Needed 

•  Hourly  Analysis  Must  Have  an  Hourly 
Simulation  Engine  (Like  DOE  2) 

•  Problems 

-Reputation  for  Complexity 

-Must  be  Matched  to  Actual  Bujlding  Data 

•  Need 

-Package  That  Makes  This  Easy  toiDo 


I  Iiniiv#rsi1y  ol  Idin-Dis 

Ulw  atChsago 


Packaged  Analysis 


•  Hour-by  Hour  DOE  2 
Analysis  Engine 

•  Simple  to  Use  Front 
and  Back  Ends 

•  Highly  Adaptable  by 
Adding  New  Equipment 
Components 

-  DesiCalc  1997 

-  Gas  Cooling  Guide  1999 

-  Building  Energy 
Analyzer  2002 


Typical  Default 
Input  Values 


Prepared 

Equipment 

Library 

^ ^ 


Packaged 
Outputs  Reports 
and  Charts 

I 


Packaged 
Economic 
Analysis  and 
Report 


Calibration  to 
Energy 
Consumption 
History 

j 
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Front  Screen 

^  BEA  -  PG  -  Input  Mocfajle  File  | 


File  Edit  Help 


BUILDING  ENERGY  ANALYZER 


ISUejllnas  £j  1 60030 


, — ^ - SLstAonB  ■l2Nj8a«  Si*rmerV%  , - 

Uljp  |[>iq#gg,IL  IpMiM  Ov  BjlliJilMfi.caineia>rl  » I  ]  FIjtei  ;ttii» 


ft  Reiai  Slofc;  1 -story  stab  on 

- T^sf^construdion  lyptcd  of  a  ^ 

asfiwtiosft  sioff*  wth  1 0 


BaseU^  Canf igmaltM 


Attetnativo  Ctanliguralliin 


!fBH3 

1  Elective;  Cliffiago  DcrntmEd  Sthe(kil*6  -jJ 

EledJb 

1  Etedilt:  Chcago  ConwnEfl  Startdby  Rale  1_^ 

[Gat  Chicage:  Noflheni  lineis  Sas:  Scf'_^ 

Gas 

1  S«:  Chicagoc  Mathan  liJi™  Gas:  5ch«  ^1 

I  mota  lf’^  ■  '  - 

IjjoiaJlNone 


Cold  SlOffloa 

Q^n$an#cn  |  Combustion  Engine 


n 


Ltnlv«rai1y  ol  Illinois 


'  at  Chicago 


Ptfliftct  PfrtcrpfciQfi  I  CfllciJaafr  | 


iiDWEar 

^HP 

mL-iVifi,!  Uii- 

JENTER 


Location  &  Energy  Rates 


HP  ect-EGL/^&jfCitiAi: 

EC  ECE-^GMGS^'SCEtG 
IL  C'3mfd6TDIJ,''}lir.fl:^?.CiAC 


eut)>M««H:axid«yWe4 
BJt  31  /74f  iHunwMy  Rato 
Eiwmr  B«ftw  Pttiaiflliai , 

U^yHame-Mwia  ^ 
Sas  Light.  Fare  Hapw  ‘  I 

SchwJJfl  G'l  1 J 

Oui^itatitins  -  <200 

HHBiLi-'InMVhDctAiir.  • 


Mrtc<4aw*iii  a>WQ»; 


ECB  PG  t,fl  (UCLJ  -  Ecanoflue  Ana^ait  Mciitda  -  In^E  Mtkdutei  File  : 

flBQI 

fie  oav.  Me^  1 
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LaAma 
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Elte  na<B 
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faJoHtW  I 
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Building  Main  Page 


VeiitiMiiin 

cMtwri 

IrilfcaHon 


s  [jClG  Pb  1.B  IMCL]  -  Echhiohk  Aji-iIvii;  Modute  -  Hcipul  Hpdulc  File  ; 
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tlDWEST 
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.pf^'LiI^rtT  Uii- 

JENTER 


Enhanced  HVAC  System  Controls 


Chig  ImwA  .Q  rtwn*. 
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GCG  PQ  t.S  |]MCL)  •  EconDmic  Anal^iit  M^dute  •  Input  Moduki  fjb 


Ffe 
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□  WEST 

HP 

|p.^**LiL:.ii.T  Caw 

ENTER 


Side-by-Side  Economic  Comparisons 


TcitaJ  CfinsimipilofaJ: 

vmty  :;uj»pU«4 1 
Gcno-atcd  On-Site^ 


13,77 1,8S1  kWh 

I3,771,SS3  kWlb 
U  KWh 


TerfaJ  Codiiun^dcHi: 

vmty 

GcbcridcJ  Oii-SLlc± 


12,079.777  kWli 

4S11  kWTa 

12,P79h2»7  KW-h 


Ccolin^: 
Desiccant  Di 

Ffliii: 

Refri^er^ioi 

Oth<r  Elcciii 
Standky  Cha 


11; 


Baseline 

Equipment 

Results 


8,586 


)67 

3,248 

5,963 


Cooling: 

Desiccant  Dcitiunit 
H<^iie/Reheadn£: 
Fsins: 

Reki|[cr^ionr 
Other  Eleciric: 
Standby  Charger 


a 


Alternative 

Equipment 

Results 


GridEEcutriG  £ii«2>  Gosi; 

S  8$9,8Ad 

GridEEcetade  £iHffg3  C<h4: 

S  56,362 

ANNUAL  NATURAL  ENERGY  C 

NSUMPnON  and  GAS  UTILITY  COST 

T-otaJ  CDD5U£T^lia4i: 

^9.910  IMIklBCu 

Total  Coniun^don: 

163.302  MMBtu 

BoUding  ComuiGgidcifL; 

S9.S1P  MlVlBiu 

BuUding^  Ctinsioi^lim: 

3S,?35  MMBtn 

Power  Gfjiferatlaii  C.ransiini|itlafi: 

0  MhifBcu 

Pwer  G«nej-ado3!i  C'oaEimiiplIoti: 

124,367  MMBhi 

Rci»verable  ThvnLal  Encr[pi 

0  ADVlBCu 

R«fw«rablc  Thermal  Ener^': 

71, dH  MMBtu 

Hecovercd.  Thmual  Enerfyi 

0  MhifBcu 

BrTD^'cnd  ThomaJ  Energy-: 

30,326  MniBtii 

Cf^ciling: 

SO 

Cooling: 

S  434 16 

Dcskeaajl  Oehnnadifi'Cn 

S  0 

Dcsiccaanl  Dehunidificr: 

SO 

Ueating/Rchealing; 

S  64,792 

Hendtig/liehcsting: 

S  3.738 

Power  Generation; 

SO 

Power  Generation; 

S  376.664 

Other  Cbs: 

S  120,61] 

Other  Gas: 

S  6S,722 

Gaj  Lntrcy  Coftr 

S  1S5.40-I 

AruiMid  Gaf  Enerey  Coft; 

S  492.2-12 

TOTAL  ELECTRIC 

nd  GAS  UTILITY  COSTS" 

Annual  E  ncf  Cost 

jVnnuaJ  E  nc'r^y  Cof t 

S  S72,3S3 
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Retrofit  Calibration 


Gas  Energy  vs.  Heating  Degree  Days 

Unnamed  Proiect,  Run;  10)8/2003,  9:33:00  AM  Prirl;  10)8/2003.  3:33:18  AM  Fite;  Sampte  2mcto 
350  T - - - - - - 


.100  -> - - - - - 

Halting  Degree  Days 

■  BaseSins  —  Sardine +10%  —  Baseline -1 0%  ♦  Existing  Applic. 


Retrofit  Calibration 


Gas  Energy  vs.  Heating  Degree  Days 


Unnamed  Proied,  Run;  10)8/2003, 9:33:00  AM  Prirl,; 10)6/2003,  3:33:18  AM  Fite;  Sempte  2mdb 


Heating  Degree  Days 


■  BaseSins 


—  Basdine+10%  —  Basel^e-'30%  ♦  Existing  Appiic, 


p~hEirnrks'd;3^^]  p~hfirms'd;3y] 
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Retrofit  Calibration 


Gas  Energy  vs.  Heating  Degree  Days 


Unnamed  Project,  Run;  10/6/2003,  9:33:00  AM  Prirt;10«/2003,  3:33:18  AM  Rte;  Sample  2  mdb 


■  BaseSinj  —  Sardine +10%  —  Baseline -1 0%  ♦  Existing  Applic. 


Retrofit  Calibration 


Gas  Energy  vs.  Heating  Degree  Days 


Unnamed  Project,  Run;  10/6/2003, 9:33:00  AM  Print; 10/6/2003,  3:33:18  AM  Rte;  Sample  2  mcto 


■  BeseSin;  —  Baseline +10%  —  Baseline -10%  ♦  Existing  Applic, 


P" harms  day] 
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Retrofit  Calibration 


Gas  Energy  vs.  Heating  Degree  Days 

Unnamed  Proiect,  Run;  10)B/2003,  9:33:00  AM  Prirl;  10)0/2003,  3:33:18  AM  Fite;  Sampte  2mcto 


350 


.100  -> - - - - 

Halting  Degree  Days 


■  BaseSinj  —  ea5dine+10%  —  Baselirie -1 0%  ♦  Eliding  Applic. 


Does  This  Cover  All  CHP  Needs 


No 


-  Easy  to  Use  Screening  Tools  for  the  Design 
Engineer  Use  “Hard”  Programming  to  Allow  “Easy” 
Operation 

-Set  Up  for  Conventional  Systems 

•  For  Research 


-Need  “Soft"  Programrhed  Tools  tot  “Easy" 
Modification 


-  “Hard"  to  Use 

-Must  Still  Feature  Hour-by  HouivC)perat1t^iteystem?1 


I  University  ol  lllimtis 

Ulw  atChKaga 
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UIC  CHP  Engineering  Model 


Research  Tool 

-Can  Be  Reprogrammed  for  Unconventional  Systems 
in  Reasonable  Time 

-  Used  for  Testing  New  Concepts 
-Requires  a  50+  Megabyte  Excel  Spreadsheet 

-  Uses  Hourly  Building  Load  Files  from  0C)Et2.:: 

}}  Use  BEA  to  Develop  Load  Files^ 

-Develops  Full  Economic  Optimizations. 


Univ«rai1y  ol  II 


'  at  ChKago 


MiiDWEar 

□  HP 

-  i-.-t^'LiIlrtT  Uii- 

JCEMTER 


UIC  CHP  Engineering  Model 


Research  Uses  to  Date 
-  Direction  for  BEA  Development 
-Cross-Checking  BEA  Test  Results 
-Studying  CHP  Economic  Dynamics 

»  Investment  Return  Vs.  System  Sizing 
»  Sizing  Ruies  of  Thumb 

»  Unusual  Thermal  Loads  (Pools,  Jndustrial  Processes) 

»  Hot  Thermal  Storage 
»  New  Generation  Equipment  and  Packages: 

“Soft”  Programming  Allow  for  QuickC Feyi^d|1s|^^ 
Requires  Extensive  User  Understanding,  ' 


'  at  ChKaga 
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Summary 


Screening  Tools  Have  Advanced  Considerably 

New  Construction:  Can  Produce  Economic 
Estimates  from  Preliminary  Design  Information 

-Allows  Economics  to  be  Scoped  Early  in  the  Design 

-  improves  Chances  of  CHP  Being  Used 
Retrofits:  Allow  Fitting  to  Usage  Jiisto^^ 

-  Calibrates  Simulation  to  Real  Ufifityiltiistory 

-  Normalizes  Results  to  AVERAGE  WesthenYf  ars' 

»  Very  Important  for  Guaranteed, Sayings;  Fjnan^in^ 


References 
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-Wartzilla 

-Solar  Power  Ventures 

•  More  Information 

-Building  Analyzer  Program  -  Ayailabje  ffgm 
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Assessment  of  HVAC  systems  reliability 

Presenter;  Dr.  Eugene  Shilkrot.  Central  Research  Institute  for  Industrial  Build¬ 
ings,  Russia 


EUGENE  SHILKROT,  Ph.D 


Head  of  HVAC  Laboratoiy 
of  Central  Research  Institute  for  Industrial  Buildings, 

Russia,  Moscow 


ANALYSIS  of  HVAC 
SYSTEMS  RELIABILITY 
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HVAC  SYSTEMS  RELIABILITY  -What  is  it? 


Small  special  glossaiy 


HVAC  Equipment  -  collection  of  units  -  fans,  air  heaters,  water  heaters, 
coolers,  pipes,  ducts,  controllers  and  etc. 

ROOM  -  heated  and  ventilated  (air  conditioned)  premises,  residential 
dwellings,  industrial  shops 

HVAC  SYSTEM  =  Rooms  +  HVAC  Equipment 


HVAC  SYSTEMS  RELIABILITY  -What  is  it? 


Small  special  glossaiy 

Indoor  microclimate  -  indoor  air  temperature,  radiant  temperature, 
velocity,  humidity,  contaminant  concentration 


HVAC  system  reliability  -  conditions  of  HVAC  system  when  all 
parameters  of  microclimate  are  within  a  normal  range  of  parameters 

Eailure  -  conditions  of  HVAC  system  when  one  or  all  of  the  parameters 
of  the  microclimate  are  out  of  a  normal  range 
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HVAC  system  reliability  depends  on  its  power,  equipments  quality  and 

level  of  maintenance 


HVAC  system  reliability  is  calculated  a^  probability  quantity 


en.  source 


=  1 


p  =p  p 

(z)  zp.out  equip 


P 

P 

P 


-  Total  HVAC  system  reliability 

2p  Qyj-  -  HVAC  system  reliability  with  respect 
to  outdoor  climate 


■  -  HVAC  equipment  reliability 
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etc 


HVAC  systems  are  systems  with  temporal  redundancy 
Temporal  redundancy  is  dependent  upon  room's  inertia 
Change  in  room's  temperature  in  case  of  HVAC  equipment  “Failure" 


l(lO  <  6  (lO  “'  ) 
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Change  of  room's  contaminant  concentration  in  ca^e  of  HVAC  equipment 
“Failure” 
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Qvent^l 


z  = - In 

^exh  Qvent^7 
Qvent 
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room 


HVAC  system  reliability  with  temporal  redundancy  of  HVAC  equipment 


P,  =  exp(-  Az) 
A  =  — ^ — 

mean.lxz 


Az  ^ 


^  Si 

^mean.tz  ^  ^mean 


^  _ _  exp 
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Reliability  of  air  heating  system  with  temporal  redundancy 


1- 

2- 

3- 

4- 


Reliability  of  a  system  without  temporal  redundancy 
Reliability  of  a  system  without  temporal  redundancy  -  two 
heaters 

Reliability  of  a  system  with  temporal  redundancy,  Az  =  3hr 
Reliability  of  a  system  with  temporal  redundancy,  Az  =  lOhr 


Conclusions 


Ccalculations  of  reliability  of  HVAC  systems  provides  an  opportunity  to 
choose  optimal  system  design  and  predict  expenses  on  system 
maintenance. 

Calculations  of  redundancy  time  of  HVAC  systems  provides  an 

opportunity  to  estimate  the  number  of  required  maintenance  personnel. 

Calculations  of  redundancy  time  of  HVAC  systems  provides  an 
opportunity  to  choose  the  optimal  algorithms  of  operation  and  to 
minimize  expenses. 
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Background 

•  Energy  for  training,  mobilization  and  deployment,  and 
other  key  Army  missions  should  be  available  at 
installations  when  needed 

•  Power  outages  either  due  to  an  attack  on  a  power  plant  or 
an  installation  (or  due  to  any  other  reason)  should  not 
affect  the  Army’s  ability  to  perform  its  key  missions 

•  The  Army  wants  to  increase  energy  independence  and 
security  at  its  installations 


2 


Proj  ect  Purpose 

•  Develops  Energy  Security  Plans  for  three  Army 
installations  with  the  goal  of  ensuring  that  their  key  energy 
needs  can  be  supphed  by  DG  that  is  secure  and  clean  to  the 
greatest  extent  practical. 

•  Estabhshes  the  analytic  capabihty  for  developing  and 
integrating  feasible  Army  Installation  Energy  Security 
Plans  for  IMA  (Installation  Management  Agency)  Regions 
and  across  the  US. 

Goal  -  Installed  Clean  DG  to  meet  key  energy  needs  at  Army 
installations 
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Scope 


Technical 

-  Consider  clean  fixed  and  mobile  DG;  examples  include  photovoltaics, 

wind,  biomass,  fuel  cells,  microturbines,.... 

DG  Investment  Timeframe:  2004-10  (long  range  planning  through 
2020) 

Financial 

-  Maximize  use  of  private  resources  for  DG  investment 

Project 

-  3  m^or  Army  installations  (case  studies):  Forts  Lewis, Carson  and  Riley 

-  Study  completed  by  end  of  July  03 
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Approach 


•  Determine  clean  DG  technical  potential 

•  Assess  clean  DG  value  added 

•  Examine  finance  options 

•  Develop  Installation  Energy  Security  Plans 
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Develop  Installation  Energy  Security  Plans 


•  Use  optimization  model  to  develop  clean  DG  investment  strategies  for 
Forts  Lewis,  Carson,  and  Riley 

•  Integrate  modeled  investment  strategies  with  assessment  of  issues  to 
develop  Army  Installation  Energy  Security  Plans 

•  Examples  of  issues  include: 

-  Installation  Operations  (e.g.,  Will  workforce  like  DG?) 

-  Finance  (e.g..  What  kinds  of  business  risk  or  opportunities  might  the 
private  sector  face?) 

-  Institutional  (e.g..  Are  there  any  effects  on  other  Service  installations?) 

-  Legal  (e.g..  Are  environmental  waivers  possible?) 

-  Policy  (e.g.,  Are  there  any  security  risks  with  the  use  of  on  site 
contractors?) 
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Project  Team 

•  ACSIM/IMA-NWRO/Installations: 
Forts  Lewis,  Carson,  and  Riley 

•  Energy  8l  Security  Group  (ESG) 

•  CALIBRE 

•  Engineer  R&D  Center/CERL 

•  Center  for  Army  Analysis  (CAA) 

•  Sandia  National  Lab 
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General  Observations 

•  The  three  case  installations  and  their  utiHties  are  concerned 
about  threats  to  energy  security  -  agree  on  DG  micro  grid 
on-site  as  goal 

•  Relationship  of  on-site  DG  and  transmission/  distribution 
privatization  needs  to  be  addressed 

•  Utility  resource  planning  process  could  include  (and  rate 
base)  on-site  DG 

•  How  much  should/wdl  energy  security  cost?  How  much 
energy  security  is  sufficient?  Who  should  pay? 

•  DG  options  vary  by  installation 


Concluding  Remarks 


•  This  project  examines  the  pros  and  cons  of 
installing  clean  DG  at  Army  installations  to 
increase  energy  security 

•  Technical  data  can  be  shared  with  private  and 
public  sectors  -  final  report  will  be  unclassified 

•  Questions/ Comm  ents/Suggestions  ? 


9 


